Objective: This study assesses intrahousehold allocation of energy in rural Bangladesh and tests the hypothesis that, when daily energy intake is adjusted for energy expenditure, no age or gender bias will be apparent in intrahousehold energy allocation. Design: Data were collected at two-month intervals over a one year study. Setting: Four villages in Matlab Thana, rural Bangladesh. Subjects: Two hundred and seven children up to 5 y of age and their 145 mothers and 123 fathers. Interventions: Data included six measurements of observed 24 h dietary energy intake and physical activity recorded from waking to sleeping. Total daily energy expenditure was derived using the factorial method. Results: Women's energy intake ranged from 75±88% of the FAO/WHO recommended energy intake over the six periods of data collection, signi®cantly less (P`0.0001) than the men's (range 89±114%). Although the women had moderate levels of physical activity, frequent pregnancies and long lactation periods increased their energy needs. Among children no longer breast fed, energy consumption, unadjusted for energy expenditure, provided 86±108% of the FAO/WHO recommended energy intake by weight. Conclusions: Women consistently received less of their energy requirements than either their children or their husbands. Sponsorship: This work was supported in part by the Stare Nutrition Education Fund at the Harvard School of Public Health.
Introduction
Intrahousehold allocation is the ®nal step in the chain of events that determines food availability to individuals. While household food supply re¯ects various factors (for example market availability, government food policies and programs, income of household members, agricultural production), intrahousehold allocation mediates between the household food supply and that of individual members, ultimately in¯uencing the health and nutritional status of the individual (Van Esterik, 1984) . Because systematic gender bias may in¯uence the food an individual receives (Van Esterik, 1984; Behrman, 1992) , knowing the amount of food available to an entire household is not necessarily suf®cient to understand the amount of food (or nutrients) available to any given family member (Haaga & Mason, 1987) .
Food policies and programs are frequently targeted to infants, small children, and pregnant and lactating women. Better understanding of food distribution within impoverished families in poor countries has great promise for strengthening policies and programs, when allocation of household resources does not protect the nutritional status of women and children (Haddad, 1994a; Alderman et al, 1994; Rogers, 1990) .
The effects of gender and age on intrahousehold allocation of energy vary by region (Behrman, 1992) . South Asia has been identi®ed as a region with gender bias in intrahousehold food allocation (Haaga & Mason, 1987; Lipton, 1987) . But not all studies within the region found evidence for pro-male biases in food intake (Haddad et al, 1994b) . Early studies in Bangladesh concluded that men received more calories than women (Carloni, 1981) , and that preschool children, particularly girls, received proportionately fewer calories than others in the household (Abdullah, 1989; Pitt et al, 1990; Brown et al, 1982) .
Physical activity and energy expenditure dataÐimpor-tant, but often overlooked, determinants of energy requirementsÐare essential to rigorous investigation of the pattern of sex bias against women in South Asia in the distribution of energy (Harris, 1990) . The separation between men's and women's work roles in rural Bangladesh is pronounced (Barkat-E-Khuda, 1980) . Men are responsible for farming and agricultural labor outside the home and for marketing; women's primary tasks are cooking, child care, and postharvest grain processing. Seclusion of women limits their work participation outside the home (Rahman, 1986 ). While cultural roles that limit total energy expenditure of women may increase energy adequacy, frequent pregnancy and lactation increase their energy requirements.
Few studies of intrahousehold allocation have controlled for variation in energy expenditure when calculating energy requirements (Haddad et al, 1994b) . Several studies approximated energy expenditure using estimates of physical activity (Abdullah, 1989; Pitt et al, 1990; Chen et al, 1981; James & Scho®eld, 1990; Ahmed, 1983) : extrapolation from a question about occupation (Pitt et al, 1990 ); estimation of the activity level of the male head of household based on the seasonal demands of agricultural production (Abdullah, 1989) ; and crude labor force participation data . In the one study that found allocation of energy intake favored adult women, estimation of energy expenditure was based on the`activity reported by the individuals' (Kumar & Bhattarai, 1992) . The validity of these measures is limited, nor do they account for the energy requirements of pregnancy and lactation.
This study describes energy intake among children up to ®ve years of age and their parents. It tests the hypothesis that when a measure of energy expenditure is included in estimating adequacy of daily energy intake, energy needs will be met and no age group or gender bias will be apparent.
Methods
The data were derived from a ®eld study conducted between June, 1977 and August, 1978 at Matlab Thana, the experimental ®eld station of the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B).
The study year began in June, the monsoon season, which lasts through mid August; hot humid weather persists through October. There are three harvests, with the main one in October. In Matlab Thana the period of greatest scarcity is August through October, when rice prices are highest, household food stocks are lowest and agricultural labor demand is weakest (Chowdhury et al, 1981) .
Sample selection
The 135 households in the study came from four villages in the Matlab Surveillance area. They do not represent a strictly random sample of households with children under ®ve years of age but were chosen to re¯ect a wide range of socio-economic status in the study population. Forty-four families owned less than 0.5 acres of land; 51 owned between 0.5 and 2.0 acres; and 40 owned more than 2.0 acres. Subjects included 145 mothers with a mean age of 29 y (range 17±47 y), and 123 fathers with a mean age of 40 y (range 20±62 y). Their 207 young children were 2±58 months of age at the start of the study. There were 94 girls (mean age 28.6 months) and 113 boys (mean age 29.2 months).
The study was conducted according to ethical guidelines of the International Center for Diarrhoeal Disease Control of Bangladesh.
Dietary data and anthropometry
The survey team consisted of two female dietary workers with high school education and four assistants. Visits were conducted by one dietary worker and one assistant. For each subject, observed 24 h dietary intake data was measured six times over the study year. At the beginning of the study ®eld workers measured all large cooking vessels and serving utensils in the household. On the day of the home visit, the ®eld workers arrived before the ®rst meal was prepared. After calibrating their scales, the workers weighed and measured foods before and after cooking.
Field workers provided families with pre-measured spoons and cups and estimated individual consumption by counting the number of pre-measured spoonfuls or cupfuls given to each family member. Field workers measured individual plate waste by using these same utensils. The sum of the distributed food had to equal the volume recorded for the cooking pot. Any discrepancies were reconciled in the ®eld. Meals eaten outside the household and snacks were assessed by recall conducted twice daily, using the pre-measured utensils described above to help subjects estimate quantity of food consumed. About half of the subjects (46% of females and 59% of males) reported eating snacks on the day of the recall. Total 24 h consumption was computed using standard food composition tables from India (Gopalan, 1978) .
The ®eld worker obtained and recorded the age of all subjects and information on whether the child was currently breast fed. Because the energy contribution of breast milk to dietary energy could not be quanti®ed, breast fed children were excluded from analysis of energy intake data. Children's energy intake adequacy was assessed using the FAO/WHO/UNU (1985) standards for age and weight.
Trained ®eld workers measured height and weight each month among preschool children and their mothers. Heights and weights were assessed every three months among fathers who were less likely to undergo rapid changes in weight. Weights were obtained by balance beam scales for adults and Salter 25 kg scales for children. Standardized height sticks and horizontal length boards (for children under two years of age) were used for body length measurements. (Jelliffe, 1966) . Anthropometric ®ndings are reported elsewhere in a paper submitted for review.
Adequacy of adult's energy intake was assessed using the FAO/WHO/UNU (1985) recommendation based on age, sex, basal metabolic rate (BMR), levels of physical activity, and pregnancy and lactation determined by maternal self report. BMR was calculated using the FAO/WHO/ UNU (1985) formula based on weight, age and sex. Because energy intake and physical activity was collected for all household members every two months, the average of weights measured in each two-month period was used to calculate BMR for mothers and children. For fathers the weight measured closest to the time of observing the 24 h dietary intake was used. The levels of physical activity were derived from observation of daily activity patterns.
Activity
At the home visit ®eld workers observed and recorded daily activity of father, mother and the youngest child in 15 min blocks during waking hours using one of 63 possible activities. Based on these observations we estimated energy expenditure using the FAO/WHO/UNU (1985) factorial method to enhance comparability to other data. We assigned a MET value or metabolic constant to each of the 63 activities using published tables (FAO/WHO/UNU, 1985; Ainsworth, 1993) . For many activities, a range of MET values was available and preference was given to the lower end of the value range to account for breaks and rest periods. We used Torun's (1990a) recommendations for interpreting observations of activity of children under 5 y. We calculated total energy expenditure for the 24 h day using the following equation: (metabolic constant for each activity) 6 BMR 6 (minutes spent on activity). Sleeping was assigned a MET value of 1.00. For a more complete discussion of how MET values were assigned see Kramer, 1996 . Analysis Summary measures, for example mean, standard deviation and range, of energy intake and expenditure were calculated for each data collection round and checked for normal distribution in mothers, fathers, and children using SAS (SAS, 1988) . Three methods were used to analyze adequacy of energy intake. The ®rst two methods evaluated the mean energy intake of mothers, fathers and children in each of the six rounds of data collection.
The ®rst method compared the observed intakes of mothers and fathers with the FAO/WHO/UNU (1985) recommendations for energy intake based on age, sex, BMR, level of physical activity and pregnancy and lactation status. The FAO/WHO/UNU (1985) recommendations for children's energy intake can be calculated based on either weight or age; both were calculated. Linear regression was used to examine differences in mean energy intake and expenditure between men and women and between adults and children.
The FAO/UNU/WHO (1985) recommendations for energy intake for children, used in the ®rst method, did not include a recommendation based on children's energy expenditure. Our second method of assessing energy adequacy was based on the ratio of observed energy intake to total daily energy expenditure calculated from observations of physical activity. About three quarters of the women were lactating and 19% were pregnant in each round. Mothers' total daily energy expenditure included 500 calories during lactation and 285 calories in pregnancy as recommended by the FAO/WHO/UNU (1985). Mean energy intake as a percent of total energy expenditure for each group (mothers, fathers and children) was calculated for each round.
The third method evaluated household distribution of energy intake. Calculation of an overall household energy adequacy index was not feasible due to the lack of complete energy intake data for breast fed children and missing data for fathers due to the seasonal demands for agricultural labor. Subjects contributing data to each round of data collection are noted in the tables. To assess the in¯uence of missing data on conclusions about household allocation of energy intake, we undertook the third method, a matched analysis of parent-parent and parent-child pairs, using the FAO/WHO energy standards and including only pairs of subjects who were at home to share household meals. The the difference in intake adequacy between children and their parents and between men and women who shared the household meal was examined with paired t-tests.
Results
Energy intake and expenditure Among the 123 fathers, average energy intake was lowest from August to November, the rainy season preceding the major harvest. Mean energy intake of the fathers met or exceeded the FAO/WHO/UNU recommendations for eight months of the year, December to July (Table 1 ). Average energy expenditure exceeded 10500 J (2500 calories) in 10 of 12 months and was lowest in the months of August and September. The highest total energy expenditure occurred in February and March.
Among the 145 mothers, mean energy intake was lowest from August to November (Table 1) . On average, they consumed 88% of recommended energy intake in each two month period. Average total energy expenditure of mothers remained fairly constant over the year at about 8400 J (2000 calories). Percent of energy adequacy and energy expenditure were signi®cantly lower (P 0.0001) in mothers than fathers. In the ®rst round of data collection 82 children (43%) were not breast fed and provided complete dietary energy intake information. The boys averaged 43.6 months of age and girls averaged 44.6 months. Over the study year more children completed breastfeeding, and by the ®nal round complete energy intake data were available for 115 children (59%). The average energy intake of fully weaned children was close to 4200 J (1000 calories) ( Table 2) . Although average energy intake of boys exceeded that of girls in 5 of the 6 rounds, the difference was not signi®cant.
Children's intake was compared to the FAO/WHO recommendations for weight and for age (Table 2) . Weight for age Z scores of children in this study averaged 72.79 (s.d. AE 0.82) over the study year. There was no signi®cant difference (P 0.68) in energy adequacy between boy and girls. When the energy intake of children was determined as a percent of the recommendation based on weight in each round of data collection, children followed the parental pattern, with the lowest percent of recommended energy intake consumed from August to November. Using the FAO/WHO/UNU (1985) recommendation based on age, children's average intake surpassed 70% of recommended energy consumption only in June and July. Mean energy expenditure gradually increased over the course of the year, as the children aged (Table 3 ) and was signi®cantly higher for boys than for girls in all rounds.
The ratio of energy intake to energy expenditure The second method compared energy intake to total energy expenditure for each individual within round. On average, fathers' energy intake exceeded 97% of energy expenditure (Table 4) . Mothers mean energy intake was ! 93% of the energy expenditure based on observed activity, and this percentage was not signi®cantly different from the fathers (Table 4) . When the energy needs of pregnancy and lactation were added to the energy expenditure based on physical activity, mothers' energy intake were 89% of expenditure in each round. This percentage was signi®-cantly lower than the fathers (P 0.0001) ( Table 4) .
The number of children included in this analysis was small because only the older children were completely weaned and could provide complete data on energy intake, while only the youngest child in each household was included in the study of energy expenditure. Because this analysis required both energy intake and expenditure data in each round, only 19 children were included in the ®rst round and 60 in the ®nal round. Children's intake ranged from 74±91% of the energy expended in the six rounds of data collection (Table 4 ). Children's adequacy was consistently lower than that of the men; the relationship with women's adequacy was inconsistent across rounds and differences were not large.
The matched analysis
The difference in energy adequacy of mother-father and parent-child (mother-child and father-child) pairs was examined among those individuals who were present to share household meals (Table 5 ). The child's energy adequacy calculated from the weight-based FAO/WHO recommendation was subtracted from the parent's energy adequacy. The analysis was completed for each child, so parents of more than one child could appear in more than one pair.
Fathers consumed a larger percent of the FAO/WHO/ UNU (1985) standard for energy intake than their children in every period of data collection. This difference was signi®cant in the June/July and December/January rounds of data collection. Children who were no longer breast fed consistently met a greater percent of their energy require- ments than their mothers did, and this difference was signi®cant in all rounds except June/July. Fathers consumed a signi®cantly greater percent of recommended energy intake than mothers in every round of data collection (Table 5) .
Discussion
The purpose of this study was to determine whether there was evidence of bias by age or gender in the adequacy of energy intake when measured energy expenditure was included in estimating daily energy requirements. We found that men met their recommended energy needs adjusted for energy expenditure over most of the study year, but women and children did not. The same conclusion was supported by all three analytic methods, and is consistent with the ®ndings of most previous studies in Bangladesh (Haddad et al, 1994b; Carloni, 1981) . Observation of dietary intake and physical activity patterns can overcome many of the problems of recall: lapse of memory, uncertainty about the types or amounts of foods eaten, poor motivation, and unawareness of food intake (Witschi, 1990) . The training of the observer, the type of food, and portion sizes can limit the accuracy of dietary observation (Gittleson et al, 1994) and the day-long presence of an observer could alter usual patterns. Because one dietary worker and one assistant collected energy intake and energy expenditure data for mother, father and child (or children) in the household, they could not follow each individual who left the household area. Information on foods eaten away from home were collected through recall twice daily. As children became old enough to wander on their own they may have eaten local foods but failed to report them leading to underestimates of energy intake.
The use of the factorial method to estimate energy expenditure is limited by the variability of energy cost between individuals in performing the same task, the dif®culty in estimating the values for tasks that combine a variety of movements and the extent to which body weight affects energy expenditure for a given type of physical activity (FAO/WHO/UNU, 1985) . Only the predominant activity was recorded for each 15 min observation period and no attempt was made to capture the intensity of physical activity, due to lack of information across groups in different societies (James & Scho®eld, 1990) . Despite the advantages of observational data, it was not possible to overcome all logistical problems and subjects could not be observed when they left the household area. In this Muslim culture, women were unlikely to leave the household area and our observations of physical activity record predomoninantly household-based activities for women. Our data were not coded to permit us to differentiate activities which were directly observed from activity obtained from twice daily recall. In such cases, activity level may have been over or underestimated but the direction of bias is not known and hence the effect on energy adequacy is not known.
Because of the large day to day variability in energy intake, a single day of dietary recall is a poor estimate of long term dietary intake and the effect on outcome measures is to decrease the strength of association. A previous study using this same data set concluded that seven days of dietary intake would be needed to estimate average dietary intake for the year within 20% of the true value 95% of the time (Torres et al, 1990) . A maximum of six days of dietary data was available for subjects in this study, but this was enough information to discern signi®cant differences in energy intake and expenditure by age and gender. Some data suggests that adult values for BMR are systematically lower in India (FAO/WHO/UNU, 1985) . Because this may re¯ect the malnutrition endemic in the population, we estimated energy expenditure based on the FAO/WHO/UNU equations to create BMR, rather than institutionalizing the malnutrition seen in the study population. Choosing the lower BMR regressions would have resulted in lower estimates of energy expenditure for adults. It has been suggested that BMR has a CV of 12.5%, which could also effect the estimates of energy adequacy (FAO/WHO/UNU, 1985) . We found that 20± 42% of men and 50±69% of women had less than 85% of recommended energy intake, consistent with the problems of food insecurity in the region (Garcia & Mason, 1993) .
The paucity of data directly measuring children's energy expenditure limits the validity of the MET values for children in this study (Torun, 1990a) . Our results, however, were comparable to ®ndings from studies in other settings, with energy expenditure signi®cantly higher in boys than girls (Baranowski et al, 1993) . Furthermore, energy expenditure calculations, based in part on weight, increased with age. Finally, the estimates of total daily energy expenditure gradually increased over the study year as expected, because children spent less time sleeping as they aged, leaving more time for physical activities with a high MET value (Kramer, 1996) .
The matched analysis was undertaken to determine whether missing data for fathers was affecting study conclusions. The analysis controlled for missing data by round but this method did not change study conclusions. It con®rmed that children's energy adequacy based on their current weight was greater than their mothers but less than their fathers. Nutrition education programs that promote increased dietary intake for children should ensure that increase in children's energy intake is not taken from the mothers' meager allotment of calories (Brown et al, 1994) .
The severity of the children's calorie de®cit was greatest when the FAO/WHO/UNU standard for age was used. Even when the standard for their current weight was used, children still needed more calories than they were consuming. When children's mean dietary intakes were calculated as a percent of their observed energy expenditure, they still met only 74±91% of their energy needs. Low energy intake can reduce the amount and intensity of physical activity in infants and young children (Torun, 1990b) . In this study, the coding allowed for the categories of light and vigorous play, but no child was ever seen in vigorous play, indicating low levels of physical activity. While decreased physical activity can compensate for poor energy intake, it is not a desirable adaptation because of the potential for long term consequences on social, intellectual and economic productivity. Prolonged inactivity has many rami®cations including reduced physical ®tness (with concomitant long term effects on work productivity) and limited social interaction and exploration (impairing learning) (Torun, 1990b) .
The BMI of fathers averaged 18.3 and the BMI of mothers (including pregnant women) averaged 18.7. Among women over 49 y of age in these same households, average BMI was 16.9 and 43% had a BMI below 16, indicating severe chronic energy de®ciency (Kramer, 1996) . While both men and women exhibit low BMI, the data on older women suggest that the energy demands of frequent pregnancy and extended periods of lactation may be important in explaining why mothers, on average, are not meeting their energy needs. The FAO/WHO/UNU expert committee estimates the energy demands of pregnancy at 285 calories per day and lactation at 500 calories per day averaged over the three trimesters (FAO/WHO/ UNU, 1985), although some subsequent studies suggest the estimates of the pregnancy requirement are too high (Durnin, 1987) . To test this, we repeated our analyses allowing only 200, rather than the recommended 285, calories per day but this adjustment changed the mean energy adequacy of women by less than 1% and did not change our conclusions in any way. Moreover, few mothers reported pregnancy for more than 4 or 6 months in a row, implying 1±2 rounds of data collection where women are misclassi®ed as to pregnancy status. Because pregnancy was under-reported in this study, energy intake as a percent of recommendation may be even lower than reported, although under reporting of pregnancy might be expected to have a small effect on energy adequacy. Pregnancy may also have in¯uenced energy intake through nausea and vomiting related to pregnancy and cultural beliefs that women should restrict food intake during pregnancy (Vermury, 1980 ).
Father's energy intake and expenditure was lowest from August to November, when food stocks are low and rains restrict activity. This season in Bangladesh is hot and muggy, discouraging activity, and demand is low for agricultural labor (Kramer, 1996) . From December to May father's energy intake and energy expenditure peaked at over 10920 J (2600 calories), supporting the heavy agricultural labor during this period.
One explanation for the fact that fathers came closest to meeting their energy requirements is that the food supply of all members of the household is dependent on the agricultural productivity of the men. Studies in Guatemala found that higher energy intake increased performance of heavy physical work, and permitted continued physical activity after work, supporting socially desirable and economically productive activities (Torun, 1990a) . Thus, feeding men during periods of peak labor demand, even at the expense of lower intake for their wives and children, may be perceived as essential to the well being of the household.
This study was not based on a simple random sample, but was strati®ed to re¯ect households from all socioeconomic strata in rural Bangladesh. Although the data were collected in the late 1970s, they were collected to address the study questions in this paper. Recent data suggest that the nutrition situation in Bangladesh has improved only marginally. Over the last 15 y, the prevalence of under weight children decreased only by about half a percentage point per year (Garcia & Mason, 1993) and women continue to suffer social discrimination, re¯ected in their continuing very low literacy rates as well as suboptimal nutrition status re¯ected in a low birth weight prevalence of 34% (Garcia & Mason, 1993) .
Conclusions
Energy intake of women was insuf®cient to support their energy needs for both observed physical activity and the recommended energy for reproduction. While men's energy intake on average met a greater proportion of the recommended intake, information from this study is not by itself suf®cient to support programmatic efforts to encourage reallocation within the household. In this culture of scarcity, there is little margin for error. Well-meaning efforts of nutrition education could deprive men of needed energy, resulting in decreased agricultural production which could undermine food availability for the entire household. Similarly, programs that support increased intake for children could shift calories from mothers' already inadequate intake. Agricultural and income generation programs to increase total energy availability to the household, family planning services to diminish the burden of reproduction, and enhanced opportunities for women to receive education all have potential to help women meet their energy needs.
